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Current and Recent Electric Propulsion Missions
Dawn
• Orbital exploration of Vesta and Ceres.
• Launched in September 2007. Vesta orbit in July 2011 
followed by Ceres orbit in March 2015.
• Three NSTAR gridded ion thruster strings.
• ∆V of 11 km/s and distance of 3.5x109 miles travelled.
LISA Pathfinder
• ESA-led technology demonstrator for Laser Interferometer 
Space Antenna (LISA) planned for 2034.
• Launched in December 2015 and completed scientific phase 
by Summer of 2017.
• Colloid Micro-newton Thrusters in Space Technology 7 (ST-7) 
Disturbance Reduction System (DRS).
• Based on work started by Busek in 1998 under Phase I SBIR 
with NASA
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Future Electric Propulsion Missions
Psyche
• Exploration of largest metal asteroid, comprised almost 
entirely of Fe-Ni.
• Planned for launch in 2022, arriving at Psyche in 2026 with 
Mars gravity assist in 2023.
• Utilizes SPT-140 Hall thruster system integrated into a 
commercial Space Systems Loral (SSL) bus.
Double Asteroid Redirection Test (DART)
• DART is the first demonstration of the kinetic impact 
technique to change the motion of an asteroid in space
• Mission will deliberately crash DART S/C into the small 
binary asteroid/NEO Didymos.
• Primary propulsion provided by single NEXT-C gridded ion 
thruster string.
• PDR held in April 2018 with a planned launch readiness 
date in 2022.
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Psyche spacecraft concept
DART spacecraft concept
Future Potential Electric Propulsion Missions
Comet Astrobiology Exploration Sample Return 
(CAESAR)
• One of two New Frontiers mission finalists selected in December 2017.
– Both currently undergoing Phase A studies with down select to one 
mission in July 2019.
• Launch in 2024-2025 to comet 67P/Churyumov-Gerasimenko with 
return of capsule to Earth in 2038.
• Employs three (2 + 1) NEXT-C thruster strings.
NASA’s Gateway
• US led development of a cis-lunar spacecraft, used in conjunction with 
SLS and Orion to support exploration activities on the Moon and 
eventually deep space.
• Modular design features a Power and Propulsion Element (PPE) which 
would be launched and deployed first into lunar orbit in 2022.
• Intended to utilize high-power electric propulsion system.
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CAESAR spacecraft concept
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NextSTEP 100 kW Electric Propulsion System Demonstration
• Advanced propulsion systems being developed under HEOMD’s 
Advanced Exploration Systems (AES) program:
– Ad Astra: VASIMR (Variable Specific Impulse Magnetoplasma Rocket)
– MSNW: ELF-250 (Electrodeless Lorentz Force)
– Aerojet-Rocketdyne (AR): XR-100 Nested Hall Thruster
• Primary goal of each 3-year effort is to demonstrate 100-hour of 
continuous, steady-state operation at 100-kW. 
– System includes thruster, PPU and feed system.
• Key performance goals include Isp range of 2,000 to 5,000 s, total 
subsystem efficiency > 60%, operational life > 10,000 hrs, total 
subsystem specific mass < 5kg/kw, and scalability to MW levels
– Ad Astra Status: Demonstrated 100 hours cumulative duration of pulsed operations 
in 6.5-minute intervals at power levels of 100 kW. Will complete final demonstration 
in the fall of 2018.
– MSNW Status:  Not able to achieve performance goals.  Will not attempt final 
system level test.
– AR Status:  X3 risk reduction and integrated system testing completed. Will 
complete final demonstration in the fall of 2018.
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VASIMR (top), ELF-250 
(middle), and X3 (bottom) 
NextSTEP Nested Hall Thruster 
• NASA NextSTEP demonstration of a 100 kW EP system with the X3 Nested 
Hall Thruster (2015-Present)
• The X3 NHT set a new electric propulsion thrust record
- 5.4 N of thrust at 102 kW
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Sub-kW Electric Propulsion
Space Technology Announcement of Collaborative 
Opportunity (ACO) 
• NASA is providing test facility, infrastructure and test support 
for 5,000-hour qualification life test.
• Testing intended to move BHT-600 system closer to flight 
readiness.
500-W Class Hall Thruster Technology
• Sub-kilowatt EP for small spacecraft (180-500 kg). 
• On-going technology activities:
- Magnetically Shielded Miniature (MaSMI) Hall thruster
- Sub-Kilowatt Electric Propulsion (SKEP) system development
Iodine EP System Technology
• Lunar IceCube and LunaH-Map missions
- NASA supporting Busek to qualify the BIT-3 RF ion thruster for use 
with iodine propellant.
• AISP demonstration of a 600 W iodine Hall thruster system 
comprised of Busek BHT-600i, modular Busek PPU and 
iodine feed system.
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NASA’s Evolutionary Xenon Thruster-Commercial 
• NEXT ion propulsion system began as a technology 
development project
– Based on NASA Solar Technology Application Readiness 
(NSTAR) ion propulsion system that successfully flew on 
Deep Space 1 and DAWN
– NEXT Thruster Long Duration Test (LDT)
• Initiated on 6/5/2005 as part of thruster life assessment
• Feb, 2014 - LDT voluntarily terminated
– Set all lifetime ion thruster electric propulsion records
- Longest duration: 51,184 hours
- Highest throughput: 918 kg
- Largest total impulse: 35.5 MN∙s
• NEXT-C (Commercial) 
– Aerojet Rocketdyne is prime contractor on the NEXT-C
• NEXT is the planned primary in-space propulsion 
system on 
• Double Asteroid Redirection Test (DART) mission
• CAESAR mission (Phase A)
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NEXT-C Thruster NEXT-C Power Processing Unit
HERMeS TDU (Hall Effect Rocket with Magnetic Shielding Technology Development Unit) Evolution to 
Advanced Electric Propulsion System (AEPS)
• 14-kW class Hall thruster ion propulsion string developed 
for 50-kW SEP vehicles. 
- Power:  12.5 kW 
- 3X SOTA discharge power
- Propellant Throughput:  1,700 kg 
- 7X SOTA propellant throughput
- Maximum Isp:  2,600 s
- 1.5X SOTA discharge voltage
• Utilizes magnetic-shielding previously demonstrated by 
NASA to achieve the required thruster lifetime.
• Aerojet Rocketdyne is prime contractor on the AEPS
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HERMeS TDU
AEPS EDU 
TDU-1 in Vacuum Facility (VF)-5 AEPS Breadboard during Early Integrated System Test (EIST)
TDU-2 during initial 
TVAC operation
TDU-2 on 
vibe table
Solar Electric Propulsion Testbed
• SEP Testbed system development is aimed at demonstration of an integrated SEP end-to-end system 
performance
– Characterize the performance of integrated high-power SEP power systems
• Full power capability of SEP Testbed is 60kW
– Currently performing integration testing and power quality testing with two EP string loads
– Modular and reconfigurable to support a variety of SEP mission needs and requirements 10
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Photons
Multipurpose Hall Thruster 4.5 kW PPU Flight System Development
• NASA’s Phase III SBIR contract with Colorado Power Engineering 
to develop and test TRL 6 prototype Hall 4.5-kW PPU capable of 
operating with:
- NASA-developed HiVHAC Hall thruster
- SPT-140 thruster
- Aerojet XR-5 thruster
• NASA will conduct integrated system testing with HiVHAC thruster 
after delivery of prototype.
• PPU CDR completed in September 2017 with authority to proceed 
with fabrication given in January 2018.
• Testing of prototype PPU will take place in late 2018 with plan to 
enable development of flight hardware in separate follow-on 
contract.
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Engineering Model (EM) PPU
EM PPU in VF-70 undergoing 
functional/performance testing
Testing Advanced Electric Propulsion Systems for Commercial Missions
• Northrop Grumman GEOStar-3
– 6 kW of total orbit raising power for ion 
propulsion system
– 4 Aerojet Rocketdyne XR-5 Hall thruster 
operated at 3 kW per thruster
– Performance, plume characterization, and long 
duration wear testing of the AR XR-5 string 
conducted in VF-12 under a NASA SAA
• Space System Loral SSL 1300
– Psyche: NASA Discovery mission to unique 
metallic asteroid led by ASU 
– Spacecraft will use a commercial electric 
propulsion system consisting of four 4.5 kW 
SPT-140 Hall effect thrusters for primary 
propulsion
– Thruster performance as a function of vacuum 
level conducted in VF-5 
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